Existence of non-ergodic ground states is considered as a precursor to a first order long range magnetostructural transformation. Mn 3 Ga 0.45 Sn 0.55 C lies compositionally between two compounds, Mn 3 GaC and Mn 3 SnC, undergoing first order magnetic transformation. Mn 3 Ga 0.45 Sn 0.55 C though crystallizes in single phase cubic structure, exhibits more than one long range magnetic transitions.
I. INTRODUCTION
In favoring a ground state with minimum possible energy at absolute zero the third law of thermodynamics brings about a wide range of disorder to order transitions in systems 1 .
Structural and functional materials exhibiting ordering of physical quantities such as magnetic moment, electric dipole and lattice strain 2 satisfy thermodynamic requirements, while systems with quenched disorder or frozen randomness undergo non thermodynamic transitions that bring about novel behaviors 3 . The widely encountered 'glassy' state is known to rely on the slowing down of kinetics [4] [5] [6] which challenges the fundamental "hypothesis of ergodicity" 5, 7 . Within the area of magnetic alloys, spin glasses and cluster spin glasses exemplify the existence of a glassy state in ferromagnetic systems. For instance, even a normal ferromagnet like iron when diluted by non ferromagnetic impurities (e.g. AuFe alloys)
undergoes a transformation to a glassy state due to competition between ferromagnetic and antiferromagnetic interactions 8 . Similar literature reports on dielectric properties of BaTiO 3 reveal a change from the classical paraelectric to ferroelectric phase transition towards a diffused ferroelectric or relaxor kind as the concentration of the point defects (e.g. La 3+ ) is increased [9] [10] [11] . Governed by the same physical principle of destruction of long-range order due to strong frozen disorder a different class of glass referred to as 'strain glass' (or glassy-R martensite) can be obtained by doping point defects into a normal martensitic alloy. Doping excess nickel (∼1.5%) into the widely recognized martensitic NiTi alloy destroys the martensitic transformation by creating a strain glass regime giving rise to a non-martensitic (Ti 48. 5 Ni 51.5 ) alloy that continues to exhibit properties like shape memory effect and superelasticity that otherwise stringently depend on the reversible martensitic transformation [12] [13] [14] .
Founded in frustration and randomness of isolated moments a study of the functional properties of disordered alloys [15] [16] [17] [18] [19] [20] grew in the hope of understanding their formation, magnetic ordering and the long range RKKY interactions between them 8 . Among the existing geometrically frustrated 3d transition metal based antiperovskite compounds displaying a fascinating array of properties ranging from giant magnetoresistance 21, 22 to a large magnetocaloric effect (MCE) [23] [24] [25] 1 exhibits a transition from an enhanced paramagnetic state to an AFM state at ∼155
K followed by a rapid increase in magnetization arising due to ferromagnetic interactions characteristic of Sn rich regions 32 .
The marked hysteresis observed between the cooling and warming curves establishes the first order nature of both these transitions. Apart from the large splitting observed between ZFC and FC curves a broad maximum is seen in the ZFC curve in the ferromagnetic state (∼30 K) below which the magnetization decreases with decreasing temperature. A Curie
Weiss fit, as shown in the inset of Figure 1 , to high temperature magnetization data recorded in 0.5 T gives a PM Curie temperature θ P = 182 K. Based on this quite large and positive value of θ P , the observed decrease of magnetization in the ZFC curve cannot be interpreted as a transition to the AFM state 38 .
To further explore the complexity of the magnetostructural ordering in this compound, neutron diffraction patterns recorded between 6 K and 300 K in the angular range of 3
• -135
• were analyzed. Using the Rietveld method implemented in the FullProf suite program 37 , the crystal structure in the PM state was refined from diffraction data collected at 300 K.
Refinement results presented in Figure δT f = 0.28) 7 and is close to that of typical cluster glass systems 43 .
These results imply that the compound undergoes one or more relaxation processes with characteristic relaxation time constants. A study of the time dependent response of magnetic spins in ZFC magnetization was carried out using the following protocol. The sample was first cooled from 300 K to the measurement temperature ∼10 K in zero applied field. A waiting time t w was used to equilibrate the spin system before applying a magnetic field of Presence of local structural distortions can also be seen from the the RT and LT plots in Figure 6 . With decrease in temperature, all peaks grow in intensity due to decrease in mean square disorder in atomic positions but the peak due to Mn-C correlation exhibits only a small increase. This is a clear indication of presence of local structural disorder.
EXAFS spectra were fitted to two different structural models. The first one was based on the cubic structure of the compounds (cubic model) and all the bond distances were allowed to contract/expand by the same factor. The resulting best fit calculation in R-space shows a reasonably good agreement with the experimental data. In particular, we found that the bonds are contracted by 1% with respect to the starting structural cubic model (see Table   I ).
In order to get a better agreement by accounting of atomic size differences between Mn, Ga and Sn, in the second model the structural restrictions were relaxed and the individual correlations were allowed to vary independently (delr model). Though, as in previous case the fit was reasonably good, the obtained Mn-Sn bond distance was shorter than Mn-Ga bond distance (see Table I ). This is impossible as Sn atom being larger than Ga atom, Mn-Sn bond distance would be longer than Mn-Ga distance. Further more, this model also resulted in very low values of σ 2 especially for Mn-Ga and Mn-C-Mn-C focussed multiple scattering path at 3.91Å. Due to increase in number of free parameters, the statistical error bars obtained from fitting were also quite large. Thus despite a very low R-factor, this model is less reliable.
The above analysis indicates that it would be difficult to map the local disorder without any prior knowledge of at least one or two among Mn-Ga, Mn-Mn and Mn-Sn bond distances. To get a sense of the local structure around Mn we tried a different approach of using a linear combination fitting (LCF) with the experimental spectra of Mn 3 GaC and Mn 3 SnC at respective temperatures as standard components to describe the EXAFS spectra of Mn 3 Ga 0.45 Sn 0.55 C at RT and LT. This has been done using the LCF routine of the Athena software package [37] . Constraints such as reference spectra having no negative components and sum of coefficients normalizing to unity were imposed while fitting the data in k space 
Mn-C 2 1.968 1.948(2) 0.002(1) 1.953 (12) , 0] direction along with a net ferromagnetic moment. These clusters are large enough to present a magnetic Bragg peak in neutron diffraction but the interaction between two such clusters of the same type is severely limited by a cluster of the other type causing a slowing down of kinetics and resulting in a magnetically "glassy" state. This clustered ground state is depicted pictorially in Figure 8c . 
